ABSTRACT
INTRODUCTION
Cholangiocarcinoma which can be anatomically divided into intrahepatic cholangiocarcinoma (ICC) and extrahepatic cholangiocarcinoma (ECC) accounts for 10% of primary hepatic tumors [1, 2] . Because of the highly molecular heterogeneity, CCA patients have been linked with bad prognosis and limited therapeutic regimens. Most of CCA are unresectable when discovered since it has progressed into advanced stages. So the improvement in the diagnostic method of CCA is urgent, especially in biomarkers. The classic serum CCA markers such as carbohydrate antigen CA-199 and CA-125 are now regarded as insensitive and unspecific. Since gene expression pattern is greatly changed in CCA background, it is of urgency to identify new epigenetic biomarkers such as miRNA and lncRNA for CCA patients [3] .
MicroRNAs (miRNAs) refer to a subgroup of small, noncoding RNA that mediate a series of biological events from controlling the growth of insects to deactivating X chromosome in mammals [4, 5] . The first miRNA is found in the nematode Caenorhabditis elegans, but soon researchers discovered that there are thousands of them existing in nearly every speices [6, 7] . However, the exact mechanism of their function is not fully understood yet. Originally, miRNAs derive from long primary miRNAs with several hundred nucleotides in length [8] [9] [10] . After cleavage and processing, the small molecule goes through 60-70 nt long precursor and finally becomes 20-25 nt long miRNAs duplexes [11] [12] [13] [14] [15] [16] [17] . Then miRNAs will form into RNA-induced silencing complex (RISC). The complex will degrade target mRNA through complementary binding, therefore affecting translational activity [18] [19] [20] [21] (Figure 1 ). Furthermore, a single miRNA has the potential of targeting Review www.impactjournals.com/oncotarget over hundreds of mRNAs and each mRNA can be targeted by different miRNAs as well which makes the interactive network between miRNA and mRNA even more complex.
Although previous studies have confirmed that dysregulated miRNAs have a crucial role in tumors [22] [23] [24] [25] [26] , the underlying mechanisms remain largely unknown. Some miRNAs like miR-21 [27, 28] , miR-155 [29, 30] and miR17-92 cluster are recognized as tumor promoter [31, 32] , some as tumor suppressors [33] . Although currently the therapeutic application of miRNAs in tumors is still limited, recently researchers have changed their focus to profiling miRNAs in tumor tissues so that miRNAs can be used as predictive, therapeutic or prognostic biomarkers in tumor patients. A research in 2006 first confirmed the biomarker role of miRNAs in CCA patients [34] .
When first discovered, long non-coding RNA (lncRNA) was once called transcriptional noise. However, more and more researches have demonstrated that lncRNAs affect various biological processes including tumorigenic process. Just like mRNA, lncRNAs are transcribed by RNA polymerase II and also have the structural feature of 5ʹ-7-methylguanosine cap and 3ʹ-poly(A) tail [35] [36] [37] [38] ( Figure 2 ). The localization and expression of lncRNAs differ in different tumors [39] . In fact, the localization of lncRNA remains ambiguous as some proven existing in nucleus or cytoplasm and some in both [40] . The broad existence of lncRNAs enables them to engage in a wide range of biological processes from chromatin remodeling to translational mediation. To achieve these, lncRNAs have to interact directly with DNA, protein, mRNAs and miRNAs ( Figure 3 ). According to the RNA-seq result of 7 paired ICC and paracancerous tissue, the expression of 230 lncRNAs and 2220 mRNAs are dysregulated in tumor tissues compared with adjacent normal tissues [41] . Among them, 597 mRNAs were targeted by 169 lncRNAs with 219 negatively correlated and 550 positively correlated [41] . Recently, lncRNAs have been found functioning as the downstream molecule of oncogenes and tumor suppressor genes [42] . In this case, lncRNAs can be classified into 'OncoLncRNA' and 'TSLncRNA' [42] . In a transcriptomic profiling, researchers found that 2148 lncRNAs significantly upregulated, 568 downregulated in ICC tissues which shows big promises to identify certain lncRNAs as biomarkers in ICC patients [43] .
miRNA as biomarkers in CCA
Most of previous studies put their focus on the promoting or inhibitive role miRNAs might have in the tumorigenic process of malignant tumors such as CCA. However, more and more researchers have seen the potential of miRNAs serving as biomarkers of diagnosis, prediction, monitoring, therapy and prognosis for CCA patients. Cholangiocarcinoma hold the ability to release small molecules such as miRNAs into bloodstream or bile which further potentiate miRNAs to be the biomarker of CCA (Table 1) .
miRNA-191
MiRNA-191 has been found upregulated in various solid malignancies [45] [46] [47] [48] . A recent research firstly discovered that the expression of miRNA-191 is increased in ICC tissues and subsequently promotes the proliferation, infiltration and metastasis of tumor cells [49] . According to the research, the miRNA-191-TET1(ten-eleven translocation 1)-P53 axis is held responsible for the pro-tumor role of miRNA-191 in ICC [49] . In a cohort study, miRNA-191 is identified as an independent risk factor of disease-free survival and OS (overall survival) in ICC [49] . It is also found that the high expression of miRNA-191 in tumor tissue is linked with more advanced tumor stage and decreased OS which clearly implies miRNA-191 can be used as a tissue biomarker for predicting the OS of ICC patients [49] . In addition, by using the GEO database (GSE59856), researchers surprisingly discovered that the serum level of miRNA-191 is significantly higher in ICC patients (98) than healthy people (150) which may shed light on using miRNA-191 as a predictive serum biomarker in ICC in the future [49] .
miRNA-29a
The expression of miRNA-29a is found upregulated in myeloid leukemia, breast cancer, glioma and nasopharyneal carcinoma [50] [51] [52] , while downregelated in pancreatic cancer, prostate cancer and gastric cancer [53] [54] [55] . The finding indicates that miRNA-29a might have a duel pro/anti-tumor function in human tumors. In CCA tissues, the expression of miRNA-29a is markedly increased [56] . Additionally the increased expression of miRNA-29a is closely associated with the differentiation, clinical stage, metatstasis of CCA [56] . By using statistic method as KaplanMeier survival analysis and Cox regression analysis, the overexpression of miRNA-29a is correlated with patients' bad prognosis and miRNA-29a is considered as an independent risk factor in CCA [56] . Above all, the results indicate that miRNA-29a might become a prognostic tissue biomarker for CCA patients.
miRNA-21/221
Through RNA sequencing, researchers found that the expression of miRNA-21, miRNA221 is highly increased in ICC [57] . Notably, both of them can be detected in the plasma of ICC patients with a higher concentration than healthy people, indicating their use as diagnostic biomarker in ICC patients [57] . The expression level of miRNA-21 in the plasma of ICC patients is as 3 fold much as healthy people, emphasizing its diagnostic role in ICC [57] . Moreover, the increased expression of miRNA-21 is correlated with more invasive and metastatic behavior in cholangiocarcinoma cells [58] . This finding may indicate that miRNA-21 can also become a novel prognostic plasma biomarker for ICC, however, large scale clinical studies need to be performed to support this hypothesis. Like miRNA-21, the expression of miRNA-221 is significantly increased in ICC patients. Previous studies have shown the pro-tumor function miRNA-221 had in hepatocellularcarcinoma, bladder cancer [59, 60] . Interestingly, a recent research found out the anti-tumor role of miRNA-221 in lung cancer [61] .
miRNA-150-5p
Microarray profiling results of normal tissue, PSC (primary sclerosing cholangitis, a major risk factor for CCA) and CCA show that the expression of miRNA-150-5p is significantly downregulated in CCA patients' serum, bile and tissue [62] . Further experiments proved that the overexpression of miRNA-150-5p could block the proliferation and metastasis of tumor cells while the knockdown of miRNA-150-5p will lead to enhanced proliferation, invasion of tumor cells [62] . The expression of miRNA-150-5p is going through a dynamic change from normal tissue to PSC to CCA which means miRNA-150-5p may be able to inhibit the transition from chronic inflammation to CCA [62] . The increased level of CA19-9 is a clear diagnostic sign for ICC patients [63] . Current data indicates that there is a negative correlation existing between the expression level of miRNA-150-5p and the level of CA19-9 and the pathological stage of CCA [62] .
According to this discovery, combined with CA19-9, miRNA-150-5p might serve as a predictive serum/bile/ tissue biomarker for CCA in early detection and improve the overall prognosis for CCA patients.
miRNA-122
MiRNA-122 is the most abundant miRNA expressed in liver cells. Its function includes mediating lipid metabolism, hepatitis C virus replication, cell differentiation and hepatic metabolism [64] . The decreased expression of miRNA-122 can lead to dysregulated liver function by disrupting normal mitochondrial functions. It is found that miRNA-122 deficiency may be closely associated with bad prognosis of CCA patients [65] . Coincidentally, the expression of miRNA-122 is markedly lower in cholangiocarcinoma tissues than normal bile duct tissues [66] . Taken together, miRNA-122 may serve as a promising prognostic tissue biomarker for CCA patients in the future.
miRNA-200a
The expression of miRNA-200a is downregulated in a wide range of malignancies and further experiments demonstrated that miRNA-200a has an inhibitory role in many kinds of tumors [67] . Further researches confirmed miRNA-200a deficiency is correlated with the progression of certain types of cancers [67] [68] [69] [70] . In ICC patients complicated with hepatolithiasis the expression of miRNA-200a is significantly downregulated in CCA tissues compared with normal bile duct tissues and simple hepatolithiasis tissues [71] . Moreover, the expression level of miRNA-200a is correlated with pathological stage and metastasis of CCA which makes miRNA-200a a potential prognostic tissue biomarker in CCA [71] .
miRNA-203
According to a previous study, the expression of miRNA-203 is significantly downregulated in CCA tissues compared with paracancerous tissue [72] . Combined with clinical data, further analysis shows that the expression level of miRNA-203 is closely associated with the size of tumor, differentiation of tumor cells and clinical stage [72] . Hence the miRNA-203 expression level might be a positive factor determining the prognosis of CCA patients [72] . Furthermore, the overall survival rate is much lower in miRNA-203 underexpression group than miRNA-203 overexpression group [72] . According to a multivariate Cox model, miRNA-203 is found to be an independent prognostic factor for CCA patients [72] . In conclusion, these findings suggest that miRNA-203 is a potential prognostic tissue biomarker for CCA.
miRNA-26a
The expression level of miRNA-26a in serum is significantly upregulated in CCA patients than healthy people and closely associated with tumor stage [73] . In order to determine the potential of miRNA-26a in the early diagnosis of CCA, researchers compare the AUC curve of miRNA-26a with that of the classic biomarker CA19-9. Surprisingly, the AUC value of miRNA-26a is higher, suggesting the diagnostic power of miRNA-26a in the early diagnosis of CCA [73] . Furthermore, clinical data demonstrates that there is a clear correlation between miRNA-26a and adverse clinicopathological factors, progression-free and OS rate of CCA patients [73] . Through multivariate analysis, miRNA-26a is identified as an independent prognostic factor in CCA [73] . Taken together, miRNA-26a has the potential of serving as both diagnostic and prognostic serum biomarker in CCA patients.
miRNA-29b/205/221
Gemcitabine (Gem; 2′,2′-difluorodeoxycytidine, dFdC) is a cytidine analogue and currently administered as a chemotherapy drug against cholangiocarcinoma [74] . MiRNA-29b and miRNA-221 are found downregulated in Gem-resistant CCA cell lines and ectopic increase of their expression can restore chemosensitivity of CCA cells towards Gemcitabine [75] . Furthermore, it is found that the overexpression of miRNA205 might grant chemosensitivity towards Gemcitabin to innately Gem-resistant cholangiocarcinoma cells [75] . Taken together, miRNA-29a/205/221 show promises serving as tissue biomarkers of chemosensitivity in CCA patients. Furthermore, trabectedin, an anti-metastatic agent in CCA has been found to inhibit metastasis via downregulating the expression of gene SYK and LGALS1 [76] . These two genes are the direct targets of certain miRNAs such as MiR-21-3p, miR-21-5p and miR-31-3p and miR-1207-5p, miR-1225-5p separately, suggesting the overexpression of these miRNAs is closely associated with the effectiveness of trabectedin [76] .
miRNA-151-3p/126
Resection is the only curative treatment for CCA but the post-surgery survival rate is not promising. By analyzing the RNA extracted from resected CCA tissue, 43 miRNA were found significantly dysregulated in tumor tissue than adjacent normal tissue [77] . Of these dysregulated miRNAs, miRNA-151-3p and miRNA-126 were closely associated with post-surgery survival rate though the expression level of them are not correlated with the clinicalpathologic changes [77] . The upregulation of miRNA-151-3p and downregulation of miRNA-126 confer a better prognosis with median survival of 58.7 months than others with median survival of 15.1 months [77] . Above all, miRNA-151-3p and miRNA-126 might serve as a prognostic tissue biomarker for CCA patients who had undergone tumor resection.
miRNA-590-3p
miRNA-590-3p has been found downregulated in various malignancies [78] . In bladder cancer cell lines, the upregulation of miRNA-590-3P has been associated with increased tumor invasiveness [79] . A recent study revealed that miRNA-590-3p is also downregulated in serum, tissue, cell lines of ICC, especially in those with metastatic potential [80] . Further researches confirmed that miRNA-590-3p ameliorated the process of epithelial-to-mesenchymal transition (EMT) by targeting EMT-activator Smad-interacting protein 1(SIP1) [80] . By using AUC curves and Cox proportional hazards mode, the serum level of miRNA-590-3p is identified as an independent diagnostic and prognostic serum biomarker for ICC patients [80] . Intriguingly in another study, miRNA-590-3p is found upregulated in hepatocellular carcinoma (HCC), accelerating tumorigenic process via targeting tumor suppressor gene PDCD4 and PTEN [81] .
miRNA and Opisthorchis viverrini-associated ICC
The incidence of ICC is higher in Southeast Asia than any other places in the world, where chronic liver fluke Opisthorchis viverrini (OV) infection has a major contributing role in the disease [82] . Moreover, the miRNA signatures are found unique in the subtypes of ICC with tumorigenic infection of OV [83] .
In urine sample, miRNA-192 and miRNA-21 were found significantly higher in O. viverrini-infected patients with periductal fibrosis (PDF) and CCA than healthy people [84] . However, the expression level of miRNA-21 in urine is upregulated in patients with other inflammatory diseases as well [84] . Hence serving as a urine biomarker, miRNA-21 might not be specific enough. For this reason, the detection of miRNA-192 and miRNA-21 are combined together to enhance their diagnostic power. The result shows that the combination markedly increased the sensitivity and specificity in differentiation between O. viverrini-infected patients with PDF and CCA and healthy people [84] . The level of miRNA-192 is found higher in serum samples of OV-associated CCA as well [85] . The high level of miRNA-192 expression is positively correlated with lymph node metastasis and shorter OS [85] .
In a 2015 research, OV-induced ICC tumor tissues, distal non-tumor tissues and normal non-tumor tissues from 14 CCA patients and normal tissues from healthy donors were analysed for miRNA expression level by using small RNA-Seq. The profiling result was then confirmed by performing quantitative PCR on paired plasma samples. 67 miRNAs are dysregulated with 35 upregulated and 32 downregulated in ICC tissues compared with distal non-tumor tissues and the dysregulated miRNA number reaches 316 with 144 upregulated and 172 downregulated when compared with normal non-tumor tissues [86] .
Since OV-induced ICC shows distinctive challenges in early diagnosis and prognostic prediction, applicable biomarkers for early diagnosis in blood is urgently needed. Interestingly, out of all dysregulated miRNAs 8 miRNAs (miRNA-483-5p, miRNA-505-3p, miRNA-874, miRNA-885-5p, miRNA-320b, miRNA-92b-3p, miRNA-1275, miRNA-1307-3p) are found only detectable in the plasma of ICC patients [86] . This 8 miRNA panel might serve as a novel circulating miRNA-based biomarker for OVinduced ICC patients.
lncRNA as biomarkers in CCA
LncRNAs have been found holding multiple biological functions ranging from cellular proliferation to cellular apoptosis [91] . Moreover, a close connection between dysregulated lncRNA expression and the prognosis of tumor patients has been discovered [92] .
LncRNA AFAP1-AS1
LncRNA AFAP1-AS1 is transcribed from the antisense DNA strand of gene AFAP1. Previous studies have demonstrated that AFAP1-AS1 is correlated with malignant behavior such as invasion and metastasis in hepatocellular carcinoma and nasopharyngeal carcinoma [93] [94] [95] . A recent study first discovered that the expression level of AFAP1-AS1 is significantly higher in CCA tissue than in paracancerous tissue and the same result was detected in CCA cell lines Hucct and normal biliary tract cells [96] . Further experiments showed that the underexpression of AFAP1-AS1 would restrict the proliferative and metastatic potential of CCA cell lines, Hucct and TFK-1 which confirmed that AFAP1-AS1 has a oncogenic function in cholangiocarcinoma [96] . Taken together, lncRNA AFAP1-AS1 might become a promising diagnostic and prognostic tissue biomarker for CCA.
LncRNA CCAT1
LncRNA CCAT1(colon cancer associated transcript 1) was firstly found overexpressed in colorectal cancer, accelerating the tumorigenic process [97] . It is also demonstrated that the overexpression of CCAT1 is correlated with the occurrence, progression, chemoresistance of tumor cells [98] [99] [100] . A recent study showed that the expression level of CCAT1 is markedly higher in cholangiocarcinoma tissue than in paracancerous normal tissue [101] . Furthermore, the upregulation of CCAT1 might lead to bad pathological characteristics, lymph node metastasis and more advanced tumor stage [101] . Statistical data shows that the OS rate of lncRNA CCAT1-overexpressed patients is significantly lower than underexpressed patients and by using multivariate and ROC analysis, lncRNA CCAT1 is found to be an independent prognostic factor for CCA [101] . Taken together, lncRNA CCAT1 can serve as a prognostic tissue biomarker in CCA patients.
LncRNA NEAT-1
BRCA-1 associated protein-1(BAP1) is identified as an anti-tumor factor and found participating in various cellular processes by interacting with other proteins. However, low BAP1 expressing CCA cell lines exhibit higher sensitivity to gemcitabine and cisplatin with lower IC50 [102] . Further studies demonstrated that lncRNA NEAT-1 is a down-stream molecule of BAP1 in treatment response [102] . In NEAT-1 knock-down CCA cell lines, the cytotoxicity of gemcitabine is significantly higher than control group which implies lncRNA NEAT-1 might serve as a chemosensitivity tissue biomarker for CCA.
LncRNA MALAT1
The expression of lncRNA MALAT1 is upregulated in various kinds of cancers such as liver, uterus, lung, breast, prostate, pancreas and cervix [103] . Further studies confirmed that MALAT1 is an independent prognostic factor in some cancers as well [103] . In CCA especially hilar cholangiocarcinoma (HCCA), the expression level of MALAT1 is much higher than paracancerous tissue [104] . In vitro and vivo experiments, MALAT1 exhibits a protumor function in the proliferation, invasion and migration of CCA cells [104] . Furthermore, overexpression of MALAT1 is correlated with lower OS rate, worse TNM stage, larger tumor size and metastasis in HCCA patients [104] . Taken together, lncRNA MALAT1 is a very promising novel prognostic tissue biomarker in HCCA.
LncRNA CPS1-IT1
A 2015 study for the first time discovered that Carbamoyl-phosphate synthase 1 (CPS1) and its lncRNA CPS1 intronic transcript 1 (CPS1-IT1) are coupregulated at the same time in ICC tissue compared with paracancerous normal tissue [105] . The study suggested that the overexpression of CPS1 and CPS1-IT1 is correlated with increased CA19-9 positivity and lymph node metastasis [105] . Further experiment confirmed that the upregulation of CPS1 and CPS1-IT1 has a negative impact on the OS rate for ICC patients [105] . In conclusion, current study suggests that CPS1-IT1 might serve as a prognostic tissue biomarker for ICC patients.
CONCLUSIONS AND PROSPECTIVE
CCA has a bad prognosis and is still ranked as one of the most lethal malignant diseases. In recent years, many studies have uncovered the connections between miRNA/ lncRNA and the cholangiocarcinoma in tumorigenic process and tumor progression, some of which suggested that miRNAs and lncRNAs might serve as novel biomarkers for CCA patients. Although in some studies, the sensitivity and specificity of these novel biomarkers are even better than the most widely used CA19-9, the clinical data supporting these findings are not big enough to be convincing. So in the next step of developing novel biomarkers, researchers should increase the number of their clinical candidates to make their discovery more statistically convincing. In conclusion, in the future miRNAs and lncRNAs may become very promising biomarkers for CCA in early diagnosis, treatment response and prognosis prediction.
